We propose using the finite-temperature p-meson mass as an order parameter to monitor the QCD transition. This is suggested by the p-meson mass formula that emerges from finite-temperature QCD sum rules in the vector channel, and which encompasses the effects of both quark and gluon condensates.
In this Brief Report we would like to explore the implications of chiral restoration on the order of the QCD transition.
Historically, Tr [1] . This is also reAected in the observation of hadronic modes above T, [2] .
It is believed that the lack of deconfinement at temperatures T-Tz is due to the persistence of magnetic interactions between quarks, reAected by an area-law behavior of the Wilson loop [3] . We will limit ourselves to finite temperature only and leave density effects to a further study. Finitetemperature sum rules were introduced in [8] and elaborated in [9, 10] . We will not give here any details of the procedure, but rather use the results of [10] for the calculation of the finite-temperature Wilson coe%cients and proceed from there. We will depart from [10] when calculating the p-meson mass by way of the so-called "ratio method, " which is more convenient for our purposes as it eliminates the dependence on the p-meson coupling strength f . Using this method, the final expression for the p mass then depends only on temperature, the Borel parameter M, the continuum threshold so, and of course the condensates, which we will use as input. We will comment on the dependence on the continuum threshold below.
The QCD sum-rule method at finite temperature is based on the fixed~q~dispersion relation for the vector correlator of currents:
Here we have written down the dispersion relation for the 00 component of the correlator. Because of the lack of Lorentz invariance as a result of the presence of a heat bath, there is a transverse as well as a longitudinal form factor, the latter being related to IIOO. In the limit q~~0, which will be taken throughout, the two form factors turn out to be proportional, however. As is standard, the left-hand side (LHS) of (2) Note that we have removed the tadpoles in (5) by doing one subtraction. Equating (3) and (4), we obtain the sum rule f e ' =R(M' T') M: (8) For the coefficient cI in front of the last term, which is due to the Landau damping mechanism [see Fig. 1(c)) , we obtain for a heat bath of quarks and gluons cL, = -2, while it is + -, ' for the case of damping through pion, rather than quark, absorption. We adopt the pionic Landau-damping scenario throughout. These coefficients differ from the estimates of [8, 9, 10] where the I"are integrals of the order tanh(M/4T), which can easily be obtained from (5) - (10) . Before investigating (11) numerically, we would like to make some qualitative comments. First, taken at face value, Eq. (11) suggests that a simple formula such as Eq. (1) cannot hold, as the gluon condensate contribution might turn out to be non-negligible at high temperatures, when the quark condensate contribution is negligible. Furthermore, while the quark condensate contribution adds to the mass (" repulsive contribution" ), the gluon condensate subtracts from it ("attractive"). As we mentioned earlier, the gluon condensate itself, as opposed to the quark condensate, persists above Tz. Therefore, as the quark condensate diminishes, those contributions could very well cancel, leading to a premature, first-order-like vanishing of the p mass before reaching the chiral-symmetryrestoring temperature, in contradiction to lattice-gaugetheory results [11] , which indicate that the chiralrestoration transition involves a smooth crossover of thermodynamic variables. This contradiction is prevented by the coefFicient of the gluon condensate contribution C 2 going to zero as the Borel mass tends to zero. The latter can be shown to occur as a consequence of (11) [12] that the Borel mass parameter should roughly coincide with the resonance mass.
In the gluonic sector we are thus witnessing a situation which is opposite to the one in the quark sector: While C, , 2 is independent of temperature and the quark con- (qq ) densate drops with temperature, the converse is true for the gluonic Wilson coeScient and condensate. We hasten to add, though, that choosing a different vacuum (a diff'erent normal-ordering procedure for the operators) could well reverse the situation, as this may shift temperature dependences from condensates to Wilson coeScients and vice versa (see, e. g., [13] ). (11) for different continuum thresholds. The upper curve has +so= 1.5 GeV, and the middle one is for +so = 1.25 GeV, while the lower curve was calculated with +so = 1.0 GeV as an input.
- [ [8, 10] ) that the threshold drops with temperature. As we have no control over this issue when opting for the ratio method, we have performed the calculation for three different values for the continuum threshold so, taking +so=1.5, 1.25, and 1.0 GeV. Note that a higher continuum threshold implies a higher p mass only at small and moderate temperatures (see Fig. 4 To sum up, the commensurate decrease of quark and gluonic contributions leads to a smooth behavior of the p mass up to T&. As this can be well described by Eq. (1) , this seems to imply that the physics close to Tz is, after all, controlled by just one scale.
